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SEMICONDUCTOR CIRCUIT DEVICE WITH 
IMPROVED SURGE RESISTANCE 

This application is a divisional of application Ser. No. 
09/359,124 ?led Jul. 23, 1999, now US. Pat. No. 6,388,857. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor circuit 

device and, more particularly, to a semiconductor circuit 
device having an input protection circuit protecting an input 
circuit against a surge voltage such as static electricity 
applied to an input pad. More speci?cally, the present 
invention relates to a structure for improving surge resis 
tance of a multipoWer source semiconductor circuit device 
to Which a plurality of poWer supply voltages are applied 
externally. 

2. Description of the Background Art 
FIG. 1 schematically shoWs a con?guration of an signal 

input portion of a conventional semiconductor circuit 
device. Referring to FIG. 1, the conventional semiconductor 
circuit device includes an input circuit 2 receiving a signal 
applied to input pad 1 and generating an internal signal, and 
an internal circuit 3 performing a prescribed process in 
accordance With the internal signal applied from input 
circuit 2. Input circuit 2 operates using a poWer supply 
voltage Vddi on a poWer supply node PS1 and the ground 
voltage GND as tWo operational poWer source voltages, and 
converts an amplitude of the input signal applied to input 
pad 1 to the level of the poWer supply voltage Vddi. Internal 
circuit 3 operates using a poWer supply voltage Vdd on a 
poWer supply node PS2 and the ground voltage GND as tWo 
operational poWer source voltages. 

The semiconductor circuit device further includes a diode 
type input protection circuit 2 for protecting input circuit 2 
against a surge voltage applied to input pad 1. Diode type 
input protection circuit 4 includes a PN junction diode D1 
connected in the forWard direction betWeen an internal node 
5 and a poWer supply node PS3, and a PN junction diode D2 
connected in reverse direction betWeen internal node 5 and 
the ground node. PoWer supply node PS3 of diode type input 
protection circuit 4 and poWer supply node PS1 of input 
circuit 2 are connected to each other through a poWer supply 
line 6. A parasitic capacitance C1 is parasitically connected 
to poWer supply line 6, and there is a parasitic capacitance 
C2 on a poWer supply line 7 connected to poWer supply node 
PS2. PoWer supply lines 6 and 7 are separated from each 
other. When an input signal having relatively small ampli 
tude such as an LVTTL (loW voltage transistor-transistor 
logic) is used as an input signal, poWer supply voltage Vddi 
for the input circuit is set at a value loWer With respect to the 
poWer supply voltage Vdd of the internal circuitry. When the 
poWer supply voltage Vdd is 3.3 V, LVTTL has input high 
level voltage VIH of 2.0 V and an input loW level voltage 
VIL of 0.8 V. In order to accurately determine the H and L 
levels of such a signal having small amplitude, the voltage 
level of poWer supply voltage Vddi of input circuit 2 is made 
loWer than the poWer supply voltage Vdd of the internal 
circuitry. 

Input circuit 2 is an input buffer circuit connected to input 
pad 1, of Which total number is relatively small, and hence 
capacitance value of parasitic capacitance C1 connected to 
poWer supply line 6 is relatively small. In contrast, internal 
circuit 3 connected to poWer supply line 7 has a number of 
components, and capacitance value of parasitic capacitance 
C2 connected to internal poWer supply line 7 is relatively 
large. 
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2 
Assume that a positive surge voltage is applied to input 

pad 1. The positive surge voltage is at a voltage level 
suf?ciently higher than poWer supply voltage Vddi, so that 
diode D1 is rendered conductive and the surge voltage is 
transmitted from poWer supply node PS3 through poWer 
supply line 6 and poWer supply node PS1 to input circuit 2. 
The surge voltage is dissipated and consumed by the com 
ponents included in input circuit 2, and the surge voltage is 
absorbed. 

When the surge voltage is to be absorbed by poWer supply 
line 6, hoWever, the surge voltage cannot entirely be 
absorbed by parasitic capacitance C1 as the capacitance 
value of parasitic capacitance C1 connected to poWer supply 
line 6 is small, and a high surge voltage is undesirably 
applied to the components of input circuit 2, damaging the 
components (transistors) included in input circuit 2. 

Similarly, When a negative surge voltage generates on 
input pad 1, diode D2 is rendered conductive, and the 
negative surge voltage is absorbed by the ground line 
through the ground node of diode type input protection 
circuit 4. When the ground node of diode type input pro 
tection circuit 4 and the ground node of input circuit 2 are 
connected to each other by the ground line, the negative 
surge voltage cannot suf?ciently be absorbed as the parasitic 
capacitance of the ground line is also small, and therefore, 
components of input circuit 2 are damaged by the negative 
surge voltage. 

Therefore, even When input protection circuit 4 is 
provided, the surge voltage cannot effectively be absorbed, 
and hence input circuit 2 cannot suf?ciently be protected 
against the surge voltage. 

FIG. 2 shoWs another con?guration of the conventional 
input protection circuit. In the con?guration shoWn in FIG. 
2, a PN junction diode D3 is connected in the forWard 
direction betWeen poWer supply line 6 of input circuit 2 and 
poWer supply line 7 of internal circuit 3. In the con?guration 
shoWn in FIG. 2, When a positive surge voltage is applied, 
diode D1 is rendered conductive and the surge voltage is 
transmitted to poWer supply line 6. When the surge voltage 
cannot suf?ciently be absorbed by parasitic capacitance C1, 
diode D3 is rendered conductive, the surge voltage is 
transmitted from poWer supply line 6 to poWer supply line 
7, and the surge voltage is absorbed by parasitic capacitance 
C2 eXisting on poWer supply line 7. As internal circuit 3 has 
a number of components and parasitic capacitance C2 has 
large capacitance value, the surge voltage can be absorbed 
Without damaging the components of internal circuit 3. 
By connecting separately provided poWer supply lines 6 

and 7 utiliZing diode D3, absorbing path of the positive surge 
voltage is ensured, improving surge resistance. By providing 
similar con?guration, a negative surge voltage absorbing 
path can also be formed for the negative surge voltage. 

FIG. 3 is a schematic diagram representing a cross sec 
tional structure of PN junction diode D3 shoWn in FIG. 2. 
Referring to FIG. 3, PN junction diode D3 includes an N 
Well 11 formed at a surface of a P type semiconductor 
substrate 10, a high concentration P type impurity region 12 
formed at a surface of N Well 11, and a high concentration 
N type impurity region 13 formed spaced from impurity 
region 12 at the surface of N Well 11. 

Diode D3 utiliZes a PN junction formed betWeen P type 
impurity region 12 and N Well 11. P type impurity region 12 
is connected to poWer supply node PS1 applying poWer 
supply voltage Vddi, and impurity region 13 is connected to 
poWer supply node PS2 applying poWer supply voltage Vdd. 
N Well 11 has loW impurity concentration and relatively high 
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resistance. The PN junction betWeen P type impurity region 
12 and the N Well is connected in series With a Well 
resistance R of N Well 11. When the surge voltage is 
transmitted from input pad 1 through diode D1 and poWer 
supply line 6 to diode D3, it is necessary to transmit the 
surge voltage at high speed to poWer supply node PS2 using 
diode D3, so that the surge voltage is absorbed at high speed 
by parasitic capacitance C2 of poWer supply line 7 con 
nected to poWer supply node PS2. 

HoWever, as Well resistance R has high resistance value, 
the surge voltage cannot fully be transmitted from poWer 
supply node PS1 to poWer supply node PS2 (as there is a 
considerable voltage drop caused by Well resistance R), and 
therefore the voltage level of the surge voltage at poWer 
supply node PS1 cannot suf?ciently be loWered. Therefore, 
there is a case that a large surge voltage is applied to input 
circuit 2 connected to poWer supply node PS2, damaging 
input circuit 2. 

In order to eliminate the disadvantageous effect of Well 
resistance R and to transmit the large surge voltage from 
poWer supply node PS1 to poWer supply node PS2 at high 
speed, it is necessary to enlarge the siZe (Width) of diode D3 
so as to loWer the equivalent resistance value of Well 
resistance R from poWer supply node PS1 to poWer supply 
node PS2. In that case, the siZe of PN junction diode D3 
increases, and the area occupied by diode D3 increases. 
Further, When internal poWer supply lines 6 and 7 are not 
adjacent to each other and not parallel to each other, it is 
necessary to connect PN junction diode D3 betWeen poWer 
supply lines 6 and 7 by using a lead line. Therefore, unless 
there is sufficient free area, layout of diode D3 With margin 
is dif?cult, Which means that it is dif?cult to implement a 
surge voltage resistant circuit suitable for higher degree of 
integration. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a semi 
conductor circuit device alloWing improvement of surge 
resistance Without increasing occupation area. 

Another object of the present invention is to provide a 
semiconductor circuit device free of any restriction in posi 
tion of laying-out a diode element for transmitting inter 
poWer supply surge voltage. 
A further object of the present invention is to provide a 

multi-poWer source semiconductor circuit device in Which 
the surge voltage is surely absorbed. 

According to a ?rst aspect, the present invention provides 
a semiconductor circuit device including a surge resistance 
enhancing element coupled betWeen ?rst and second poWer 
source lines and transmitting the surge voltage generated on 
the ?rst poWer source line to the second poWer source line. 
The surge resistance enhancing element includes a buried 
layer of a second conductivity type formed in a substrate 
region of a ?rst conductivity type, and a Well of the second 
conductivity type formed at the surface of the buried layer. 
The bottom portion of the Well is in contact With the surface 
of the buried layer. 

The semiconductor circuit device in accordance With the 
?rst aspect further includes a ?rst impurity region of the ?rst 
conductivity type formed at the surface of the Well and 
electrically connected to the ?rst poWer source line, and a 
second impurity region of the second conductivity type 
formed apart from the ?rst impurity region at the Well 
surface and electrically connected to the second poWer 
source line. 

According to a second aspect, the present invention 
provides a semiconductor circuit device including a ?rst 
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4 
poWer source line formed extending continuously in the 
shape of a loop along the periphery of a rectangular region 
of the semiconductor substrate and transmitting a ?rst poWer 
source voltage, an input circuit coupled to the ?rst poWer 
source line and generating an internal signal in accordance 
With a signal applied to an input node, a second poWer 
source line formed extending in the shape of a loop along the 
periphery of the rectangular region of the semiconductor 
substrate and transmitting a second poWer source voltage, 
and a plurality of diode elements coupled parallel to each 
other betWeen the ?rst and second poWer source lines. 

According to a third aspect, the present invention pro 
vides a semiconductor circuit device including a ?rst poWer 
source line transmitting a ?rst poWer source voltage, a 
second poWer source line provided separate from the ?rst 
poWer source line and transmitting a second poWer source 
voltage, a third poWer source line provided separate from the 
?rst poWer source line and transmitting a third poWer source 
voltage, an input circuit operating using the ?rst poWer 
source voltage of the ?rst poWer source line as one opera 
tional poWer supply voltage and generating an internal 
signal in accordance With a signal applied to an input node, 
?rst internal circuitry receiving as one operational poWer 
source voltage the second poWer source voltage on the 
second poWer source line and performing a prescribed 
internal operation, and second internal circuitry receiving as 
one operational poWer supply voltage, the third poWer 
source voltage on the third poWer source line and perform 
ing a prescribed operation. In operation, the second internal 
circuitry consumes more current than the ?rst internal cir 
cuitry in operation. 
The semiconductor circuit device in accordance With the 

third aspect of the present invention further includes a diode 
element coupled betWeen the ?rst and second poWer source 
lines. 
As the surge resistance enhancement element for trans 

mitting the surge voltage betWeen poWer source lines is 
formed in the Well region and the buried layer, the buried 
layer reduces equivalently the Well resistance, and reduces 
serial parasitic resistance of the PN junction diode element, 
so that the surge voltage can be transmitted at high speed 
from the ?rst to the second poWer source line, and hence the 
surge voltage can efficiently be absorbed. 

Further, as the ?rst and second poWer source lines are 
arranged along the periphery of the rectangular region of the 
semiconductor substrate in the shape of loops and the diode 
element for transmitting surge voltage is arranged betWeen 
the ?rst and second poWer source lines, the ?rst and second 
poWer source lines are arranged parallel to each other over 
a long distance, and it becomes possible to arrange the diode 
element to be overlapping on the ?rst and second poWer 
source lines, Which facilitates layout and alloWs increase in 
siZe (Width) of the diode element. Therefore, the surge 
voltage can be transmitted ef?ciently. 

Further, as a plurality of diode elements are provided, it is 
possible to efficiently transmit the surge voltage from the 
?rst poWer source line to the second poWer source line 
regardless of the position Where the surge voltage generates. 
Therefore, the surge voltage resistance becomes less depen 
dent on locations. 

The foregoing and other objects, features, aspects and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram representing a con?guration of an 
input protection circuit. 
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FIG. 2 is a diagram representing a con?guration of 
another conventional input protection circuit. 

FIG. 3 is a schematic diagram representing a cross sec 
tional structure of a surge absorbing diode included in the 
conventional input protection circuit. 

FIG. 4 is a schematic diagram representing an overall 
con?guration of the semiconductor circuit in accordance 
With the present invention. 

FIG. 5 is a schematic diagram representing a cross sec 
tional structure of the surge resistance enhancing element in 
accordance With the ?rst embodiment of the present inven 
tion. 

FIG. 6 is a schematic diagram representing a cross sec 
tional structure of a negative surge resistance enhancing 
element in accordance With the ?rst embodiment of the 
present invention. 

FIG. 7 is a schematic diagram representing a cross sec 
tional structure of a main portion of the semiconductor 
circuit device in accordance With the present invention. 

FIG. 8 is a schematic diagram representing pin arrange 
ment of the semiconductor circuit device in accordance With 
the present invention. 

FIG. 9 is a schematic diagram representing arrangement 
of internal circuitry of the semiconductor circuit device in 
accordance With the present invention. 

FIG. 10 is a schematic diagram representing poWer supply 
arrangement for an input buffer in accordance With the 
present invention. 

FIG. 11 is a schematic diagram representing con?gura 
tions of main portions of the semiconductor circuit device in 
accordance With the second embodiment of the present 
invention. 

FIG. 12 is an illustration representing a modi?cation of 
the second embodiment of the present invention. 

FIG. 13 is a schematic illustration of a planar layout of the 
surge resistance enhancing element in accordance With the 
second embodiment of the present invention. 

FIG. 14 is a schematic diagram representing a con?gu 
ration of a memory circuit in accordance With a third 
embodiment of the present invention. 

FIG. 15 is a schematic diagram representing a con?gu 
ration of a ?nal output stage of the output circuit shoWn in 
FIG. 14. 

FIG. 16 represents an exemplary connection of inter 
poWer supply surge voltage through diode. 

FIG. 17 represents connection of the surge resistance 
enhancing element in accordance With the third embodiment 
of the present invention. 

FIG. 18 represents a modi?cation of the third embodiment 
of the present invention. 

FIG. 19 is a schematic diagram representing a cross 
sectional structure of the input protection circuit in accor 
dance With the fourth embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

FIG. 4 is a schematic diagram representing an overall 
con?guration of the semiconductor circuit device in accor 
dance With the present invention. Referring to FIG. 4, a 
semiconductor circuit device 20 includes: input circuitry 22 
receiving a poWer supply voltage Vddi applied to a pad 26a 
through a poWer supply line 26 and receiving a ground 
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6 
voltage Vssi at pad 28a through a loW potential poWer 
supply line (hereinafter referred to as a ground line) 28 and 
generating internal signals in accordance With control sig 
nals CTL applied to pads 21a, address signals ADD applied 
to pads 21b and input data D applied to pad 21b; an input 
protection circuit 24 provided at a preceding stage of input 
circuit 24 for protecting input circuitry 22 against surge 
voltages generated in pads 21a, 21b and 21c;and a memory 
circuitry 23 operating in accordance With the internal signal 
applied from input circuitry 22. Memory circuitry 23 
includes memory cells for storing data and a peripheral 
circuit for selecting a memory cell and Writing/reading data. 

Input protection circuit 24 includes input protection cir 
cuits provided for respective pads of pad groups 21a, 21b 
and 21c, and the input protection circuits are coupled to 
poWer supply line 26 and ground line 28. Memory circuitry 
23 receives the poWer supply voltage Vdd applied to pad 27a 
through poWer supply line 27, and the ground voltage Vss 
applied to pad 29a through a ground line 29. 

Control signals CTL applied to pads 21a include a chip 
selection signal for setting a chip to a selected state, a Write 
enable signal for activating data Write operation, an output 
enable signal for activating data output operation, and an 
address strobe signal designating taking of an address signal. 
If the semiconductor circuit device operates in synchroni 
Zation With a clock signal, the control signals CTL also 
include a clock signal CLK providing the timing of syn 
chroniZed operation. Input circuitry 22 receives the control 
signals CTL, an address signal ADD and input data D, and 
converts these to signals having the amplitude of internal 
poWer supply voltage Vddi. 

Semiconductor circuit device 20 further includes a surge 
resistance enhancing element 30 provided betWeen poWer 
supply lines 26 and 27 and a surge resistance enhancing 
element 31 provided betWeen ground lines 28 and 29. 

In the semiconductor circuit device shoWn in FIG. 4, a 
data input pad 21c and a data output pad 21d are provided 
separately. Data input/output, hoWever, may be performed 
through the same pad. In FIG. 4, data input pad 21c and data 
output pad 21d are shoWn arranged separately, simply for the 
purpose of distinguishing an input signal from an output 
signal. 

FIG. 5 is a schematic diagram representing a cross sec 
tional structure of surge resistance enhancing element 30 of 
FIG. 4. Referring to FIG. 5, surge resistance enhancing 
element 30 includes an N type buried layer 35 formed at the 
surface of P type semiconductor substrate 10, an N Well 11 
formed on N type buried layer 35, a high concentration P 
type impurity region 12 formed at the surface of N Well 11 
and electrically connected to poWer supply line 26, and a 
high concentration N type impurity region 13 formed at the 
surface of N Well 11 apart from impurity region 12 and 
electrically connected to poWer supply line 27. 
N type buried layer 35 has higher impurity concentration 

than N Well 11 and suf?ciently loW resistance value. The 
bottom portion of N Well 11 is in contact With the surface of 
N type buried layer 35. Therefore, at a portion of N Well 11 
in contact With N type buried layer 35, the voltage is the 
same, there is no voltage distribution (voltage drop) at the 
bottom portion of N Well 11, therefore in N Well 11, 
resistance value from a portion beloW impurity region 12 to 
a portion beloW N type impurity region 13 is reduced, and 
as a result, Well resistance of N Well 11 is reduced. P Wells 
36a and 36b are formed at opposing sides of N Well 11. 

P Wells 36a and 36b are adapted to have higher impurity 
concentration than P type substrate 10. 
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In the structure of surge resistance enhancing element 30 
shoWn in FIG. 5, PN junction betWeen P type impurity 
region 12 and N Well 11 is utilized as a PN junction diode. 
The resistance of N Well 11 is equivalently loWered by N 
type buried layer 35. Therefore, even When the positive 
surge voltage is transmitted over poWer supply line 26, the 
surge voltage can be transmitted at high speed to poWer 
supply line 27, and the surge voltage on poWer supply line 
26 is absorbed. Large parasitic capacitance C2 derived from 
components of memory circuitry 23 is connected to poWer 
supply line 27. Therefore, by the parasitic capacitance C2 or 
by the consumption by components in memory circuitry 23, 
the surge voltage can surely be absorbed. Further, P Wells 
36a and 36b formed at opposite sides of N Well 11 provide 
parasitic PN junction capacitances. Therefore, the surge 
voltage is also absorbed by the parasitic PN junction capaci 
tances. 

By utiliZing the N type buried layer 35, the resistance 
value of the PN junction serial parasitic resistance of surge 
resistance enhancing element can be made sufficiently small, 
and therefore even When the surge voltage on poWer supply 
line 26 cannot be absorbed by parasitic capacitance C1 of 
poWer supply line 26, the surge voltage can surely be 
transmitted to poWer supply line 27 and absorbed by para 
sitic capacitance C2. 

Even When N type buried layer 35 attains to a high voltage 
level because of the positive surge voltage, the N type buried 
layer 35 and P type semiconductor substrate 10 are main 
tained in a reverse biased state provided that P semiconduc 
tor substrate 10 is biased to the level of the ground voltage. 
Therefore, no current ?oWs betWeen N type buried layer 35 
and P type semiconductor substrate 10. 

FIG. 6 is a schematic diagram representing a cross sec 
tional structure of surge resistance enhancing element 31 of 
FIG. 4. The cross sectional structure of surge resistance 
enhancing element 31 of FIG. 6 is the same as the cross 
sectional structure of surge resistance enhancing element 30 
of FIG. 5. Therefore, corresponding portions are denoted by 
the same reference characters With “s” added as a suffix. 

In the structure of surge resistance enhancing element 31 
shoWn in FIG. 6, N type impurity region 13s is electrically 
coupled to ground line 28 transmitting ground voltage Vssi, 
and P type imply region 12s is coupled to ground line 29 
transmitting ground voltage Vss. Capacitance value of para 
sitic capacitance C3 associated With ground line 28 is 
smaller than the capacitance value of parasitic capacitance 
C4 associated With ground line 29. When a negative surge 
voltage generates on ground line 28, P type impurity region 
12s and N Well 11s are biased in the forWard direction, surge 
resistance enhancing element 31 is rendered conductive, and 
if the negative surge voltage is not absorbed by capacitance 
element C3, the surge voltage is transmitted to ground line 
29 and absorbed by parasitic capacitance C4. At this time, as 
N type buried layer 35s has loW resistance, the negative 
surge voltage can be transmitted at high speed to ground line 
29 Without causing any voltage drop (rise). Therefore, 
damage to the internal circuitry can be prevented. 

Further, When the negative surge voltage is generated, N 
type buried layer 35s and P type semiconductor substrate 10s 
are biased in the forWard direction, current ?oWs from P type 
semiconductor substrate 10s to N type buried layer 35s and, 
similarly, the negative surge voltage is absorbed. 

FIG. 7 is a schematic diagram representing a con?gura 
tion of memory circuitry 23 and a signal input portion shoWn 
in FIG. 4. Referring to FIG. 7, memory circuitry 23 includes 
a memory cell array region I in Which memory cells are 
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8 
arranged, and peripheral circuitry region II in Which periph 
eral circuitry for controlling an access operation to a 
memory cell of the memory cell array is arranged. Input 
protection circuit 24 and input circuitry 22 are arranged in an 
input circuitry region III. 
Memory cell array region I includes a high concentration 

N type buried layer 40 formed at the surface of P type 
semiconductor substrate 10, and a P Well 41 formed on N 
type buried layer 40. Bottom portion of P Well 41 is in 
contact With the surface of N type buried layer 40. P Well 41 
acts as a substrate region of a memory cell (a dynamic 
memory cell of 1 transistor/1 capacitor type). P Well 41 is 
biased to the ground voltage through a high concentration P 
type impurity region 42 formed at the surface thereof. 
The memory cell includes a high concentration N type 

imply region 43 formed at the surface of P Well 41, and a cell 
plate electrode layer 45 formed on high concentration N type 
impurity region 43 With a capacitor insulating ?lm 44 
interposed. Aprescribed cell plate voltage Vcp is applied to 
cell plate electrode layer 45. Cell plate electrode layer 45, 
capacitor or insulating ?lm 44 and impurity region 43 form 
a memory cell capacitor for storing information. An access 
transistor for selecting the memory cell capacitor is similarly 
formed by an n channel MOS transistor having N type 
impurity regions 43 as its drain/source formed at the surface 
of P Well 41. The access transistor hoWever, is not shoWn for 
simplicity of the draWing. 
Around P Well 41, isolation N Wells 46 and 48 are formed. 

N Wells 46 and 48 have their bottom portions in contact With 
N type buried layer 40. N Wells 46 and 48 are biased to the 
poWer supply voltage Vcc by high concentration N type 
impurity regions 47 and 49 formed at respective surfaces. 
Through N Wells 46 and 48, N type buried layer 40 is also 
biased to the level of the poWer supply voltage Vcc. P Well 
41 is biased to the ground voltage level, and P Well 41, N 
Wells 46 and 48 and N type buried layer 40 are maintained 
in a reverse biased state. As P Well 41 is biased to the level 
of the ground voltage, threshold voltages of MOS transistors 
such as the access transistor formed in memory cell array 
region I are stabiliZed and ?uctuation of substrate potential 
caused by substrate current at the time of circuit operation is 
suppressed. 

In peripheral circuitry region II, an N Well 52 for forming 
a p channel MOS transistor and a P Well 54 for forming an 
n channel MOS transistor are formed. In FIG. 7, a high 
concentration P type impurity region 53 formed at the 
surface of N Well 52 for forming the p channel MOS 
transistor and a high concentration N type impurity region 
55 formed at the surface of P Well 54 for forming the n 
channel MOS transistor are shoWn as representatives. N 
Wells 52 and 48 are isolated by a P Well 50 formed 
therebetWeen. P Well 50 is biased to the level of the ground 
voltage by a high concentration P type impurity region 51 
formed at the surface thereof. 

In the peripheral circuitry region II, the n channel MOS 
transistor and p channel MOS transistor may be formed by 
adopting a tWin Well structure in Which a P Well is formed 
in an N Well or vice versa, or adopting a triple Well structure 
in Which an additional Well is formed. FIG. 7 simply 
represents that a CMOS transistor is used in memory cir 
cuitry 23. 

Input circuitry region III includes, as already stated, input 
protection circuit 24 and input circuitry 22. FIG. 7 shoWs a 
structure of diode D2 for absorbing the negative surge 
voltage included in input protection circuit 24 as a repre 
sentative. In input circuitry region III, surge absorbing diode 
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D2 is formed by a high concentration N type buried layer 60 
formed in P type substrate 10, an N Well 61 formed on N 
type buried layer 60, a high concentration P type impurity 
region 62 formed at the surface of N Well 61 and a high 
concentration N type impurity region 63 formed at the 
surface of N Well 61 spaced from P type impurity region 62. 
P type impurity region 62 is coupled to the ground node, 

and N type impurity region 63 is electrically connected to 
input node 5. As N type buried layer 60 is utiliZed for the 
surge voltage absorbing diode D2 as in the inter poWer 
supply surge voltage transmitting diode, Well resistance of N 
Well 61 is equivalently reduced, and the negative surge 
voltage is transmitted at high speed to the ground node. 
When the negative surge voltage is generated, the PN 

junction diode formed betWeen P type impurity region 62 
and N Well 61 is rendered conductive, and the current ?oWs 
from the ground node to the input node 5. P type substrate 
10 and N Well 61 are biased in the forWard direction, a 
current ?oWs to P type substrate 10, and charges ?oW into P 
type substrate 10 through N Well 61 and N type buried layer 
60. The charges (electrons e) are absorbed by N type buried 
layer 40 formed in memory cell array region I. If N type 
buried layer 40 is not provided, the injected charges are 
absorbed by N type impurity region 43 constituting the 
capacitor of a memory cell, destroying the data stored 
therein (H level data is converted to L level data). Destruc 
tion of stored data caused by the charges injected to the 
substrate (soft error) is prevented by the N type buried layer 
40. 
When radioactive ray from the package is incident on 

memory cell array region I because of cosmic ray 
irradiation, for example, electron/hole pairs are generated in 
P Well 41 by the radioactive ray (for example, a ray). The 
generated holes have short diffusion distance and are 
absorbed by P Well 41 biased to the level of the ground 
voltage. When N type buried layer 40 Were not provided, the 
generated electrons are absorbed by N type impurity region 
43 Which Will be the storage node of the memory cell 
(electrode node of memory cell capacitor), and the data 
stored in the memory cell Would be destroyed in the similar 
manner. The electrons (e) generated by the incident radio 
active ray in P Well 41 are absorbed by N type buried layer 
40 biased to the level of the poWer supply voltage Vcc. 
Therefore, in common CMOS memory With a dynamic 
memory cell, N type buried layer 40 is provided beloW P 
Well 41 in order to prevent soft error. In the same step of 
manufacturing process as N type buried layer 40 Which is 
formed in memory cell array region I in the CMOS manu 
facturing process, N type buried layer 60 is also formed for 
surge voltage absorbing diode D2. N type buried layers 60 
and 40 have at least the same impurity concentration. 
Similarly, for the inter poWer supply surge voltage through 
elements 30 and 31 shoWn in FIGS. 5 and 6, N type buried 
layers 35 and 35s are formed in the same step of CMOS 
manufacturing process as in memory cell array region I. In 
this manner, it is possible to form N type buried layers for 
surge resistance enhancing elements to reduce resistance 
value of the parasitic serial resistance component, Without 
increasing the number of process steps. 
As described above, according to the ?rst embodiment of 

the present invention, an element transmitting the surge 
voltage betWeen poWer sources is provided by the P type 
impurity region, the N Well and the N type buried layer 
formed therebeloW, the resistance value of the parasitic 
serial resistance of the PN junction diode can be reduced and 
hence the surge voltage can be transmitted at high speed to 
the internal circuit poWer source line, and the surge voltage 
can surely be absorbed. 
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Second Embodiment 

FIG. 8 is a schematic representation of an exemplary pin 
arrangement of the semiconductor circuit device to Which 
the present invention is applied. Referring to FIG. 8, the 
semiconductor circuit device is a semiconductor memory 
device, and to pin terminals 2141a and 2141b, control signals 
CTLa and CTLb are applied. Input/output data DQ are 
applied to pin terminals 21ca and 21cb. Internal circuit 
poWer supply voltage Vdd is applied to pin terminals 27aa 
and 2741b, and input circuit poWer supply voltage Vddi is 
applied to pin terminals 26aa and 26ab. Address signal bits 
Add are applied to pin terminals 21ba and 2lbb. Though the 
ground voltages Vss and Vssi are not shoWn in FIG. 8, the 
ground voltages are dispersed and supplied in the similar 
manner as poWer supply voltages Vdd and Vddi. 
As can be seen from FIG. 8, in the semiconductor circuit 

device, pin terminals are arranged dispersed in the periphery 
of the package. Therefore, internal circuit devices are 
arranged dispersed on the semiconductor chip, depending on 
the pin arrangement. 

FIG. 9 is a schematic representation of an exemplary 
arrangement of the input circuit in the semiconductor circuit 
device. Referring to FIG. 9, semiconductor circuit device 20 
includes, as input circuitry 22, a control input buffer 22a 
receiving control signals CTLa and CTLb, address input 
buffers 22c and 22d receiving address signal bit Add, and a 
data input buffer 22b receiving input data signal D. Data 
input buffer 22b and address input buffer 22d are arranged 
opposing to control input buffer 22a and address input buffer 
22c With respect to memory circuitry 23. 
As can be seen from FIG. 9, in accordance With the pin 

arrangement, input circuits (input buffers) are arranged 
dispersed in the semiconductor circuit device 20. The dis 
persedly arranged input buffers each include an input buffer 
circuit for each input signal, and an input protection circuit 
is provided for each input buffer circuit. 

FIG. 10 represents an exemplary arrangement of surge 
resistance enhancing element in accordance With the second 
embodiment of the present invention. Referring to FIG. 10, 
input protection circuits 24a—24n are provided for input pads 
71a to 7111, respectively, and input buffer circuits 70a to 7011 
are arranged for input protection circuit 24a to 2411, respec 
tively. Input buffer circuits 70a to 7011 are included in input 
circuitry 22 shoWn in FIG. 4, and input buffer circuits 70a 
to 7011 are arranged dispersed, as shoWn in FIG. 9. Input 
protection circuits 24a to 2411 and input buffer circuits 70a 
to 7011 are commonly coupled to poWer supply line 26 and 
receive input circuit poWer supply voltage Vddi. PoWer 
supply line 26 is coupled to poWer supply line 27 through 
surge resistance enhancing element 30. The, surge voltage 
generates in any of input pads 71a to 7111. Input buffer 
circuits 70a to 7011 are arranged dispersed on the semicon 
ductor chip, as shoWn in FIG. 9. 
When poWer supply line 26 becomes long With its line 

resistance becoming innegligible, it may be impossible to 
efficiently absorb the surge voltage. When poWer supply 
lines 26 and 27 are arranged not parallel to each other over 
a long distance because of the arrangement of memory 
circuit 26 and input circuitry 22, it is impossible to effi 
ciently arrange the surge resistance enhancing element 30. 
The second embodiment of the present invention enables an 
efficient arrangement of surge resistance enhancing element 
30 and an arrangement capable of ef?ciently absorbing the 
surge voltage no matter Which input pad has the surge 
voltage generate of thereat. 

FIG. 11 is a schematic representation of a main portion of 
semiconductor circuit device 20 in accordance With the 
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second embodiment of the present invention. Referring to 
FIG. 11, semiconductor circuit device 20 is formed on a 
rectangular semiconductor chip (substrate). Semiconductor 
circuit device 20 includes a memory cell array 23m as 
memory circuitry. Outside memory cell array 23m, external 
signal input pads PD are arranged along the chip periphery. 
In alignment With external signal input pads PD, arranged 
are a poWer supply pad p26a receiving poWer supply voltage 
Vddi, a poWer supply pad p27a receiving internal circuit 
poWer supply voltage Vdd, a ground pad p28 receiving the 
ground voltage GND, a poWer supply pad p26b receiving 
input circuit poWer supply voltage Vddi, and a poWer supply 
pad p27b receiving output circuit poWer supply voltage 
Vddq. The output circuit poWer supply voltage Vddq Will be 
described in detail later. The output circuit is required of 
high speed driving of a large external load, and hence the 
output circuit has large consumption current and causes 
much ?uctuation of the poWer supply voltage. Therefore, in 
order that the operation of the output circuit does not affect 
other circuits, output circuit poWer supply voltage Vddq is 
transmitted only for the output circuit, through pad p27b. 

Pads 26a and 26b receiving input circuit poWer supply 
voltage Vddi are provided on opposing sides of memory cell 
array 23m, in order to supply internal circuit poWer supply 
voltage Vddi stably, as input buffer circuits are arranged 
dispersed on the semiconductor chip, as shoWn in FIG. 9. 

The poWer supply line 26 from poWer supply pads p26a 
and p26b is arranged continuously extending in the shape of 
a closed loop along the peripheral portion of the semicon 
ductor chip 20 on Which the semiconductor circuit device 20 
is formed (hereinafter simply referred to as semiconductor 
chip 20). Therefore, poWer supply voltage Vddi is transmit 
ted in tWo directions from poWer supply pads p26a and p26b 
through the poWer supply line 26 in the shape of a closed 
loop. In one input buffer circuit, poWer supply voltage Vddi 
is supplied from opposing sides, through poWer supply line 
26, and therefore the poWer supply is enhanced. 

PoWer supply line 27 connected to poWer supply pad p27a 
is also arranged continuously extending in the shape of a 
closed loop along the periphery of semiconductor chip 20. 
As poWer supply line 27 is arranged to form a closed loop, 
it becomes possible to supply the poWer supply voltage 
utiliZing a poWer supply lead, regardless of the distance from 
poWer supply pad p27a, to the internal circuitry. Therefore, 
equivalently, the poWer supply line length betWeen the 
poWer supply line and the internal circuitry can be made 
shorter, and hence internal circuit poWer supply voltage Vdd 
can be supplied to the internal circuitry (including memory 
cell array 23m) stably. 

Further, ground line 75 from ground pad p28 is similarly 
arranged continuously extending in the shape of a closed 
loop, outside the memory cell array 23m. The ground 
voltage GND on ground pad p28 may be the ground voltage 
for the internal circuitry, the ground voltage for input circuit, 
or the ground voltage for an output circuit. PoWer supply pad 
p27b is connected to a poWer supply line 80 arranged 
extending along one side of semiconductor chip 20. This is 
because a layout in Which output buffer circuits are arranged 
on one side of semiconductor chip 20 is assumed. If output 
circuits are provided on opposing sides of the chip, poWer 
supply pads p27b Would be arranged on opposing sides of 
memory cell array 23m. 

Surge resistance enhancing element 30 includes inter p 
surge voltage through diodes 30a and 30b connected 
betWeen poWer supply lines 26 and 27. Diodes 30a and 30b 
are arranged on opposing sides of memory cell array 23m. 
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Larger number of inter poWer supply surge voltage through 
diodes 30a and 30b may be provided, arranged dispersed 
over semiconductor chip 20. 
As can be seen from FIG. 11, as inter poWer supply surge 

voltage through diodes 30a and 30b are arranged dispersed 
on semiconductor chip 20, it is possible to transmit the surge 
voltage to poWer supply line 27 Without any in?uence of line 
resistance of poWer supply line 26, and hence the generated 
surge voltage can be transmitted at high speed to poWer 
supply line 27 regardless of Where the surge voltage is 
generated. Therefore, surge resistance is made less depen 
dent on the location Where the surge voltage is generated. 

In the con?guration shoWn in FIG. 11, there are tWo pads 
provided to receive input poWer supply voltage Vdd. Even 
When there is one pad to receive poWer supply voltage Vdd, 
similar effect can be obtained by arranging poWer supply 
line 26 in the shape of a closed loop and by arranging a 
plurality of surge voltage through diodes dispersed on the 
semiconductor chip. 
The input buffer circuit is arranged close to an external 

signal input pad PD. 
When poWer supply lines 26 and 27 are arranged in closed 

loops, poWer supply lines 26 and 27 intersect near poWer 
supply pad 27a. Crossing of the poWer supply lines can 
readily be attained by forming poWer supply lines 26 and 27 
in different interconnection layers at this intersecting por 
tion. 
Modi?cation 

FIG. 12 is a schematic representation of a con?guration of 
a modi?cation of the second embodiment. In the arrange 
ment shoWn in FIG. 12, pads p28a and p28b receiving input 
circuit ground voltage Vssi are arranged on opposing sides 
in the periphery of semiconductor chip 20. Ground line 28 
is arranged extending continuously in the shape of a closed 
loop and connected to pads p28a and p28b. 
A pad p29a receiving internal circuit ground voltage Vss 

is connected to ground line 29 Which is also in the shape of 
a similar closed loop. 
ApoWer supply line (ground line) 81 is provided for a pad 

p81a receiving output circuit ground voltage Vssq. The 
poWer supply line 81 is arranged corresponding to the output 
circuits, along one side in the periphery of semiconductor 
chip 20. 
BetWeen ground lines 28 and 29, inter poWer supply surge 

voltage through diodes 31a to 31d are arranged dispersed as 
surge resistance enhancing elements 31. The diodes 31a to 
31d cause a current to ?oW from ground line 29 to ground 
line 28 When conduct. Accordingly, even When the negative 
surge voltage is generated, the negative surge voltage can be 
transmitted at high speed from the ground line 28 to ground 
line 29 to be absorbed by the ground line 29, regardless of 
the location Where the negative surge voltage generates. 
Accordingly, the surge resistance can be made less depen 
dent on the location for the negative surge voltage as Well. 
Thus a semiconductor circuit device having superior surge 
resistance is realiZed. 
As inter poWer supply surge voltage through diodes 31a 

to 31d are arranged dispersed on semiconductor chip 20, 
there is little in?uence of line resistance on ground line 28, 
and the negative surge voltage can be transmitted to ground 
line 29 through diodes 31a to 31d near a portion Where the 
surge voltage generates. 
The arrangement of diodes constituting surge resistance 

enhancing elements 30 and 31 shoWn in FIGS. 11 and 12 has 
the folloWing advantages. 

FIG. 13 is a schematic representation of a planar layout of 
diodes included in surge resistance enhancing element 30. 
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cPoWer supply lines 26 and 27 are arranged parallel to each 
other. An N Well 11 is provided below poWer supply lines 26 
and 27. At the surface of N Well 11, p type impurity region 
12 and N type impurity region 13 are formed. P type 
impurity region 12 is connected to poWer supply line 26 
through a contact hole 85p, and N type impurity region 13 
is connected to poWer supply line 27 through a contact hole 
8511. Therefore, it is possible to arrange the diode overlapped 
With poWer supply lines 26 and 27 When vieWed tWo 
dimensionally, so that the layout of the surge enhancing 
elements can be simpli?ed Further, poWer supply lines 26 
and 27 are provided extending parallel to each other, so that 
the Width of N Well 11 along the direction of extension of the 
poWer supply lines 26 and 27 can be made suf?ciently Wide, 
the current drivability of the diodes can be made suf?ciently 
large, and therefore the surge voltage can be transmitted at 
high speed. 

FIG. 13 schematically shoWs the layout of the surge 
voltage through diodes. Generally, poWer supply lines 26 
and 27 are formed in the second or third level interconnec 
tion layer, and it is necessary to provide a ?rst level 
interconnection layer inserted above the surface of N Well 11 
formed at the surface of the semiconductor substrate, and to 
provide a contact by means of a plug, for example. The 
speci?c electrical connection betWeen poWer supply lines 26 
and 27 and impurity regions 12 and 13 are not speci?cally 
signi?cant. What is important is that the region Where poWer 
supply lines 26 and 27 are arranged is overlapped With the 
surge through diodes. 
As regards diode elements 31a to 31a' for transmitting the 

negative surge voltage, similar layout to the arrangement of 
FIG. 13 can be implemented. This is because the ground 
lines 28 and 29 are arranged extending parallel to each other 
over a long distance. 

In the pad arrangement shoWn in FIG. 11, pads PD are 
arranged in the periphery of semiconductor chip 20. Even in 
the lead on chip (LOC) arrangement in Which pads are 
arranged at the central portion of the semiconductor circuit 
device, similar effects can be obtained by arranging the 
poWer supply lines/ground lines in the shape of loops. 

Third Embodiment FIG. 14 more schematically repre 
sents the con?guration of memory circuitry 23. Referring to 
FIG. 14, memory circuitry 23 includes peripheral circuitry 
23p performing a memory cell selecting operation in accor 
dance With an internal signal from input circuitry 22, a 
memory cell array 23m including a plurality of memory 
cells, and output circuitry 230 for externally outputting data 
of a selected memory cell of memory cell array 23m. In 
memory cell array 23m, there are provided a plurality of 
memory cells arranged in a matrix of roWs and columns, a 
bit line equaliZe circuit for equalizing bit lines arranged 
corresponding to each column of memory cells to an inter 
mediate voltage, and a sense ampli?er circuit for sensing and 
amplifying memory cell data read onto each column. Periph 
eral circuitry 23p includes a circuit for controlling the 
memory cell selecting operation in accordance With the 
internal signal from input circuitry 22, as Well as an address 
signal decode circuit, a control signal generating circuit, a 
data Write circuit and a data read circuit. 

To input circuitry 22, poWer supply voltage Vddi is 
applied through poWer supply line 26 from input node (pad) 
26a, and the ground voltage Vssi is applied through ground 
line 28 from input node (pad) 28a. In memory circuitry 23, 
to peripheral circuitry 23p and memory cell array 23m, 
poWer supply voltage Vdd applied to input node (pad) 27a 
is applied through poWer supply line 27, and the ground 
voltage Vss applied to the input node (pad) is applied 
through ground line 29. 

To output circuitry 230, output poWer supply voltage 
Vddq applied at input node (pad) 27b is applied through 
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poWer supply line 80, and the ground voltage Vssq applied 
to input node (pad) 81a is applied through ground line 81. 

To the input circuitry 22, poWer supply voltage Vddi is 
applied dedicatedly for the input circuitry in order to deter 
mine high level/loW level of an external input signal. 

To peripheral circuitry 23p and memory cell array 23m, 
poWer supply voltage Vdd and ground voltage Vss are 
applied. Separate poWer supply voltages Vddp and Vdds for 
peripheral circuitry 23p and memory cell array 23m may be 
generated using an internal poWer supply voltage doWn 
converting circuit, from poWer supply voltage Vdd. 
The poWer supply voltage Vddq and the ground voltage 

Vssq are provided dedicatedly for output circuitry 230, from 
the folloWing reasons. 

FIG. 15 is a schematic representation of the con?guration 
of the ?nal output stage of output circuitry 230 shoWn in 
FIG. 14. The ?nal stage of output circuitry 23a includes n 
channel MOS transistors NQ1 and NQ2 connected in series 
betWeen the poWer supply node and the ground node. In a 
data output operation, one of MOS transistors NQ1 and NQ2 
is turned on, an H level signal Which is at the level of the 
poWer supply voltage Vddq or a signal at the level of the 
ground voltage Vssq is output externally through output 
node OND. 
An external signal line and an input capacitance are 

connected to output node OND. Load capacitance CL of 
output node OND is relatively large, because of intercon 
nection lines outside the chip, for example. It is necessary 
for output circuitry 230 to charge and discharge output load 
CL at high speed. Therefore, the siZe (channel Width) of 
MOS transistors NQ1 and NQ2 at the ?nal output stage is 
made as large as about several hundreds pm, for example, 
and MOS transistors NQ1 and NQ2 drive the load CL With 
large current drivability. When output load CL is driven 
through output node OND, poWer supply voltage Vddq or 
the ground voltage Vssq is consumed by the driving current. 
When the poWer supply voltage Vddq is consumed With the 
large current drivability, it is possible that the voltage level 
of output poWer supply voltage Vddq loWers, and poWer 
supply noise is generated, While large current ?oWs into 
ground voltage Vssq increasing the voltage level thereof, 
and poWer supply noise is similarly generated. In order that 
the poWer supply noises on voltages Vddq and Vssq do not 
affect other circuits, poWer supply voltages Vddq and Vssq 
are applied exclusively to output circuitry 230. Here, it is 
especially noted that When the number of output data bits of 
output circuitry 230 is large and the number of output 
circuits is large, much current is consumed in operation, 
resulting in considerable magnitudes of ?uctuation of poWer 
supply voltage Vddq/Vssq. Therefore, there is much in?u 
ence of the poWer supply voltage. For this reason, a con 
?guration is generally utiliZed that the poWer supply volt 
ages Vddq/Vssq is supplied from the outside for every 
prescribed number of bits of the output circuitry. Therefore, 
in most cases, there are a plurality of input nodes 27b 
receiving the poWer supply voltage Vddq and a plurality of 
input nodes 81a receiving the ground voltage Vssq, in the 
semiconductor circuit device. 

In peripheral circuitry 23p and memory cell array 23m, 
only a part of lie overall circuitry operates to reduce current 
consumption. More speci?cally, memory cell array 23m is 
divided into blocks and operation is performed block by 
block. Therefore, even When the number of components of 
peripheral circuitry 23p and memory cell array 23m is large, 
the number of components operating at one time is small, 
and hence poWer supply voltage Vdd does not much ?uc 
tuate (current consumption is small When peripheral cir 
cuitry 23p and memory cell array 23m operate). Specially in 
the peripheral circuitry 23p and memory cell array 23m, the 
transistor siZe is reduced in vieW of higher degree of 
integration. Namely, the transistor siZe (channel Width) is 
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several to several tens pm, the transistor has small current 
drivability and hence small current consumption, so that 
poWer supply voltage Vdd and the ground voltage Vss 
?uctuates only a little. 
Assume that surge resistance enhancing element 30 

(diodes 30a and 30b) is connected betWeen poWer supply 
lines 80 and 26 as shoWn in FIG. 16. In the element 30, 
junction capacitance Cpn of the PN junction is connected as 
a parasitic capacitance betWeen poWer supply lines 80 and 
26. PoWer supply voltage Vddq on poWer supply line 80 
considerably ?uctuates because of current consumption by 
the output circuitry, in a data output operation. The poWer 
supply noise on poWer supply voltage Vddq is transmitted 
by the capacitive coupling through PN junction parasitic 
capacitance Cpn to poWer supply line 26. PoWer supply 
voltage Vddi on poWer supply line 26 must be stabiliZed in 
order to alloW accurate determination of H level/L level of 
the input signal, and if stable determining operation is 
impossible because of the noise, malfunction is possible at 
the time of data outputs. 

Accordingly, as can be seen from FIGS. 17 and 11, surge 
resistance enhancing element 30 (diodes 30a, 30b) is con 
nected betWeen poWer supply line 27 transmitting internal 
poWer supply voltage Vdd and poWer supply line 26. As 
described above, poWer supply voltage Vdd on poWer sup 
ply line 27 does not much ?uctuate even When the internal 
circuitry is in operation. Therefore, even When there is a 
capacitive coupling through PN junction parasitic capaci 
tance Cpn betWeen poWer supply lines 27 and 26, it is 
possible to stably hold the voltage level of input poWer 
supply voltage Vdd When the memory cell array and the 
peripheral circuitry are in operation, and malfunction can be 
prevented, as poWer supply voltage Vdd does not much 
?uctuate. Accordingly, even When the surge resistance 
enhancing element for the input protection circuit is 
provided, the input circuitry can operate stably Without any 
in?uence of the operation of the output circuitry. 

FIG. 18 shoWs a con?guration of a modi?cation of the 
third embodiment in accordance With the present invention. 
In the con?guration shoWn in FIG. 18, surge resistance 
enhancing element 31 (diodes 31a—31¢0 is connected 
betWeen ground line 29 transmitting internal circuit ground 
voltage Vss and ground line 28 transmitting input circuitry 
ground voltage Vssi. In this connection arrangement also, 
ground line 29 is coupled only to memory cell array 23m and 
peripheral circuitry 23p, and ground voltage Vss does not 
?uctuate much. Therefore, even When there is the PN 
junction parasitic capacitance Cpn of element 31, input 
circuitry ground voltage Vssi is stably held at a constant 
voltage level. Accordingly, even When the surge resistance 
enhancing element is used in a multi-poWer source 
con?guration, the input circuitry can operate stably, and the 
feature of the multi-poWer source con?guration is main 
tained. 
As described above, according to the third embodiment of 

the present invention, the surge resistance enhancing ele 
ment is connected betWeen a poWer supply line (Vdd/Vss) 
connected to circuitry (peripheral circuitry and memory cell 
array) consuming only a small current in operation and an 
input circuit poWer supply line (Vddi/Vssi), it is possible to 
hold the input circuit poWer supply voltage stably at a 
constant voltage level. Therefore, it is possible to operate the 
input circuitry of the semiconductor circuit device stably 
Without any in?uence of an operation of the output circuitry 
Which consumes much current in operation to cause much 
?uctuation in poWer supply voltage Vddq/Vssq. 

Fourth Embodiment 

FIG. 19 schematically shoWs a structure of the input 
protection circuit in accordance With the fourth embodiment 
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of the present invention. The input protection circuit shoWn 
in FIG. 19 corresponds to input protection circuits 24a to 
2411 shoWn in FIG. 10, and represents an input protection 
circuit provided corresponding to one input buffer circuit. 
An electrical equivalent circuit of the input protection circuit 
is the same as that of the conventional input protection 
circuit of FIGS. 1 and 2, and includes diodes D1 and D2. 

Referring to FIG. 19, the positive surge voltage absorbing 
diode D1 included in input protection circuit 24 (24a—24n) 
includes an N type buried layer 90 formed in P type 
semiconductor substrate 10, an N type Well 91 formed on N 
type buried layer 90, a high concentration P type impurity 
region 92 formed at the surface of N type Well 91, and a high 
concentration N type impurity region 93 formed at N type 
Well 91 apart from P type impurity region 92. The surface of 
N type buried layer 90 is in contact With the bottom portion 
of N type Well 91. The N type buried layer 90 loWers Well 
resistance of N type Well 91, as in the ?rst embodiment 
described previously. N type impurity region 93 is connected 
to poWer supply line 26 transmitting poWer supply voltage 
Vddi. P type impurity region 92 is electrically connected to 
input node (pad) 1 through an internal node 5. P type Wells 
96 and 97 are formed in contact With N type Well 91 on 
opposing sides of N type Well 91. 
A negative surge voltage absorbing diode D2 has similar 

structure as diode D2 shoWn in FIG. 7, and includes an N 
type buried layer 60, an N type Well 61 formed on N type 
buried layer 60, and high concentration impurity regions 62 
and 63 formed at the surface of N type Well 61. P type Wells 
94 and 95 are formed in contact With the N type Well 61 on 
opposing sides of N type Well 61. N type impurity region 63 
is electrically connected to input node (pad) 1 through an 
internal node 5. P type impurity region 62 is electrically 
connected to ground line 28 transmitting ground voltage 
Vssi. The surface of N type buried layer 60 is in contact With 
the bottom portion of N Well 61. P Wells 95 and 96 may be 
one P type Well, or separate Well regions. 

In this arrangement, PN junction capacitance is formed 
betWeen N type Well 91 and P Wells 96 and 97 on opposing 
sides of diode D1. Further, a PN junction capacitance 
(represented by a dotted line) is formed betWeen P type 
impurity region 92 and N Well 91. Similarly, parasitic 
capacitance is formed betWeen N type buried layer 90 and P 
type substrate 10. 

In diode D2, PN junction parasitic capacitance is formed 
by P Wells 94 and 95 on opposite sides of N type Well 61, 
and in addition, parasitic capacitance is formed betWeen N 
type buried layer 60 and P type substrate 10. Similarly, PN 
junction parasitic capacitance is formed betWeen P type 
impurity region 62 and N type Well 61. Therefore, there are 
a large number of parasitic capacitances in diodes D1 and 
D2, and the surface voltage can be absorbed by the parasitic 
capacitances When the surge voltage is transmitted through 
diodes D1 and D2. Therefore, it becomes possible to absorb 
the surge voltage Without additionally providing eXtra 
capacitance elements betWeen poWer supply line 26 and 
ground line 28. 
As described above, according to the fourth embodiment 

of the present invention, the negative surge voltage discharg 
ing diode element is also formed by the P type impurity 
region and the N type Well, With the N Well surrounded by 
a P Well. Therefore, parasitic capacitance at the input node 
can be increased and the negative surge voltage can ef? 
ciently be absorbed. 
Other Applications 

In the foregoing description, the semiconductor circuit 
device has been described as a CMOS memory device, 
especially as a DRAM (Dynamic Random Access Memory). 
The present invention is similarly applicable to a semicon 
ductor circuit device having multi-poWer source con?gura 
tion With input protection circuitry. 



US 6,521,951 B2 
17 

As described above, according to the present invention, a 
semiconductor circuit device capable of ef?ciently absorb 
ing surge voltage Without increasing area, Which has supe 
rior area ef?ciency and superior surge resistance, can be 
provided. 

Although the present invention has been described and 
illustrated in detail, it is dearly understood that the same is 
by Way of illustration and eXample only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 
What is claimed is: 
1. A semiconductor circuit device, comprising: 
a surge resistance enhancing element coupled betWeen a 

?rst poWer source line and a second poWer source line 
for transmitting a surge voltage generated on said ?rst 
poWer source line to said second poWer source line, 
said surge resistance enhancing element including (a) a 
buried layer of a second conductivity type formed in a 
semiconductor substrate region of a ?rst conductivity 
type, (b) a Well of the second conductivity type formed 
on a surface of said buried layer, With a bottom portion 
of said Well being in contact With a surface of said 
buried layer, (c) a ?rst impurity region of the ?rst 
conductivity type formed at a surface of said Well, and 
(d) a second impurity region of the second conductivity 
type formed at the surface of said Well apart from said 
?rst impurity region, one of the ?rst and second impu 
rity regions being electrically connected to said ?rst 
poWer source line and on other of said ?rst and second 
impurity regions being connected to said second poWer 
source line; 

input circuitry receiving a poWer source voltage on said 
?rst poWer source line as one operational poWer supply 
voltage and generating an internal signal in accordance 
With a signal applied to an input node; and 

an input protection circuit for protecting said input cir 
cuitry against the surge voltage applied to said input 
node, said input protection circuit including a ?rst surge 
absorbing element for transmitting the surge voltage at 
said input node to said ?rst poWer source line. 

2. The semiconductor circuit device according to claim 1, 
further comprising: 

?rst circuitry receiving a poWer source voltage on said 
second poWer source line as one operational poWer 
source voltage for operation; and 

second circuitry receiving a poWer source voltage on a 
third poWer source lie provided separate from said ?rst 
and second poWer supply lines as one operational 
poWer supply voltage for generation, current consump 
tion of said second circuitry in operation being larger 
than current consumption by said ?rst circuit in 
operation, and ?uctuation of the poWer source voltage 
on said second poWer source line being smaller than 
?uctuation of the poWer source voltage on said third 
poWer source line. 

3. The semiconductor circuit device according to claim 1, 
Wherein said surge resistance enhancing element includes a 
plurality of surge resistance enhancing elements arranged 
discretely and parallel to each other betWeen the ?rst and 
second poWer source lines. 

4. The semiconductor circuit device according to claim 1, 
Wherein said semiconductor circuit device is formed on a 
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semiconductor region forming said semiconductor substrate 
region; and Wherein the ?rst and second poWer source lines 
are each arranged to form a continuous closed loop along a 
periphery of a surface of said semiconductor region, and said 
surge resistance element is formed betWeen said ?rst and 
second poWer source lines at a plurality of different positions 
on the surface of said semiconductor region. 

5. The semiconductor circuit device according to claim 1, 
further comprising: 

a second buried layer of the second conductivity type 
formed in a common step of manufacturing as said 
buried layer on said semiconductor substrate region; 
and 

a second Well of the ?rst conductivity type formed on said 
second buried layer With a memory cell formed at a 
surface thereof. 

6. The semiconductor circuit device according to claim 1, 
Wherein 

said ?rst surge absorbing element includes a second 
buried layer of the second conductivity type formed in 
said semiconductor substrate region and a second Well 
of the second conductivity type formed on a surface of 
said second buried layer, said second Well having a 
bottom portion being in contact With the surface of said 
second buried layer; 

said semiconductor circuit device further comprising 

a third impurity region of the ?rst conductivity type 
formed at a surface of said second Well, and a fourth 
impurity region of the second conductivity type formed 
at the surface of said second Well apart from said third 
impurity region, one of the third and fourth impurity 
regions being electrically connected to said input node, 
and an other of said third and fourth impurity regions 
being electrically connected to said ?rst poWer source 
line. 

7. The semiconductor circuit device according to claim 1, 
Wherein 

said input protection circuit further includes a second 
surge absorbing element for transmitting the surge 
voltage on said input node to a third poWer source line 
providing an other operational poWer supply voltage of 
said input circuitry, and 

said second surge absorbing element includes 
(a) a second buried layer of the second conductivity 

type formed in said semiconductor substrate region, 
(b) a second Well of the second conductivity type 

formed on said second buried layer, said second Well 
having a bottom portion being in contact With a 
surface of said second buried layer, 

(c) a third impurity region of the ?rst conductivity type 
formed at a surface of said second Well, and 

(d) a fourth impurity region of the second conductivity 
type formed at the surface of said second Well apart 
from said third impurity region, one of the third and 
fourth impurity regions being electrically connected 
to said input node and an other of said third and 
fourth impurity regions being electrically connected 
to said third poWer source line. 

* * * * * 
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